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INTRODUCTION 
The septi c tank was developed in France by Louis 
Mauras in 1860 . Ca l le d the "M auras Automatic Scavanger 11 , 
· it consisted of a c l ose d vault with a water seal which 
transformed exc r eme nt t o a liquid state. The liquid was 
then disposed of in t he soil. The first septic tank system 
in the U. S. was bui l t by A. N.Tal bot in 1894 at Urbana, 
Illinois . In 1897 , a la r ger (2 2 ,000 gallon) unit was built 
to serve the neighboring comm un ity of Ch am paign. By the 
early 1900s, many of the Land -Gran t Colleges had 
demonstrated the usefu l lnes s of s ep tic tank systems to 
farmers . 
As a matter of publ i c hea l th , mini mum distances were 
soon established between the septi c t ank system and potable 
water supply wells . Thi s action was necessary to protect 
the homeowner from the possibi lity of contaminating his or 
his neighbor ' s wate r supp ly syste m. During the 1970s, 
septic tank systems r e ce ived increased attention due to 
popu l at i on sh i fts and economic pressure for deyelopment. 
T h i s i s p a r t i c u l a r 1 y t r u e i n F l o r i d a ., w h e re t h e p o p u l at i o n 
h a s n ea r 1 y d o u b 1 ed. s i n c e 1 9 6 0 ( F SA 1 9 8 3 ) • Ma n y of the s e 
new r es id ents seek out suburban or semi-rural areas hoping 
to escape the big city environment they have just left~ 
Municipal or city sewer systems are unable to serve many of 
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these newly developed subdivisions. Subsequently, septic 
tank systems are the only viable alternative. 
Although septic tank systems were originally designed 
for low density rural areas, that trend has changed since 
the end of World War II~ Many new subdivisions are now 
being developed exclusively for septic tank use. Thus the 
septic tank system was developed to make it possible for 
rural areas to treat and dispose of human waste in an 
inexpensive and sanitary fashion. 
The amount of wastes received by a single septic tank 
system is about 50 gallons per person per day (EPA 1980). 
Recent estimates indicate that nearly 25 percent of all 
housing units in the United States are served by some form 
of on-site sewage disposal system. Most of these on-site 
systems consist of septic tanks and soil absorption 
systems. 
Over. 1.3 million families in Florida are serviced by 
septic tank systems. Nearly 170 million gallons of sewage 
is disposed of each day in this fashion. This permits 
septic tank systems to be one of the largest potential 
sources of ground water recharge in the state (UF 1984)·. 
Effective treatment and disposal of this volume of 
wastewater is of major public health concern. 
During the 1983-1984 fiscal year, over 55~000 septic 
tank permits were issued in this state (excluding Dade 
County). The top counties for permit is·suance a~e all 
located in the central Florida area ·. In order of numbers 
3 
Orange County was first followed by MarioQ, Brevard, Polk 
and Volusia. These five counties alone represent nearly 
one-third of all the septic tank permits issued in the 
state. 
Florida has a particularly high percentage of soils 
that are not suitable for conventional septic tank systems. 
High water tables, low relief and rapidly permeable soils 
are just a few examples. Some of these rapidly permeable 
soils are particularly well suited for citrus production~ 
Due to the severe impact in recent years on the citrus 
industry and the increasing demand for rural subdivisions 
citrus land is rapidly being converted to residential 
development_ Since septic tanks and absorption systems are 
the primary means of sewage disposal in these rural areas 
the potential for ground water contamination may increase. 
The widespread use of septic tank systems in these 
areas can result in ground water contamination with 
bacteria, viruses and nitrates. This is especially true 
when septic tank systems are the means of treatment and 
disposal in high density areas. High density use of septic 
tank systems decrease the role dilution plays in the 
disposal of the end products~ 
As the population of Florida continues to shift to 
suburban and semi-rural areas, the use of septic tank 
systems will continue to increase. Those involved with the 
design, installation, inspection and management of septic 
tank systems must remain aware of certain limitations 
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inherent to this type of disposal system·. Perhaps the 
single most limiting factor is the soil's ability to 
accept, treat and dispose of household wastes. 
The primary method of septic tank effluent disposal in 
Florida is through either drainfield trenches or absorption 
beds. Each of these methods has distinct advantages and 
disadvantages which must be understood by all parties 
involved with their use. The question of whether to use a 
drainfield trench or absorption bed lies in economics ·, soil 
conditions and local preferences. 
It is the intent of this paper to examine the 
effectiveness of both systems in the treatment and disposal 
of bacteria, viruses and nitrates. The drainfield trench 
will be shown to be the most effective at performing this 
objective even though the absorbtion bed is used in more 
than 60 percent of thr new installations (Heber 1984) ·. 
\hatever the case may be, the unlimited use of absorption 
bed? in high density areas can and does lead to shallow 
ground water contamination. The potential for 
contamination of deep water-bearing aquifers is also 
possible, even though cases of this occurring are not 
s u ff i c i en t 1 y documented··. In o 1 de r sub divisions ·, on s ma 11 
lots and individual wells and adverse soil and site 
conditions the potential for shallow groundwater 
contamination is real and documented. 
Little research is available relative to the use of 
septic tank systems in this state, whereas much has been 
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investigated and documented in other states regarding the 
potential for ground ater contamination~ Recommendations 
made by earlier researchers has been passively ignored, 
probably because of the pressure for growth and development 
in this state. As the population doubled from 1960 until 
the present, the principle for septic tank effluent 
disposal remained the same~ The increased emphasis on the 
preservation of ground ater quality, prompted by recent 
episodes of contamination, has prompted the state to 
evaluate the effects of septic tank use on ground water 
quality. That report by the University of Florida and 
others, is· at due to be completed until 1985. 
The ability of the absorption system to provide 
satisfactory serv·ce and prevent ground water contamination 
is a functio of the design~ construction and maintainan ce 
of the system Since maintainance of an absorption system 
is difficult to control, only system design and 
construction are mentioned in the text of this paper·. 
A general discussion of soil characteristics is 
necessary to provide background information on the movement 
of organic material and water through soil--since that is 
what the absorption system does~ The treatment and 
disposal of bacteria, viruses and nitrates is then examined 
relative to the soil characteristics. Finally, the 
absorption bed and drainfield trench are evaluated on three 
basic factors that affect effluent disposal; sidewall area, 
adverse construction practices and the faculty for dilution ·. 
SOIL CHARACTERISTICS 
The purpose of using the soil as a disposal media is 
to purify liquid effluent from the septic tank before it 
reaches surface or ground water (Figure 1). Nitrates, 
bacteria and viruses that are not treated and disposed of 
in the septic tank must rely on the soil for elimination. 
Although the soil is a fairly efficient purifying medium 
for this P!ocess, proper conditions must prevail for this 
to occur. 
Soil has been used for the purification and disposal 
of wastewater for quite some time. The soil is a product 
of the environment in which it occurs and in many areas can 
provide a history of the soil's development. Environmental -
factors such as temperature, moisture and vegetation act on 
the parent material over a period of years to mold the soil 
into identifiable profiles. These profiles can provide a 
prediction of how well a specific soil is suited for the 
disposal of septic tank effluent. 
Figure 2 shows a typical soil profile tha~ describes 
the depth, color and texture of the profile through various 
strata. Changes in the depth, color and texture of a soil 
strata show how a soil is affected by the presence or 
absence of two predominant factors. water and/or organic 
6 
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Figure 1 .. 
Aquifer 
Disposal of Household Wastes Through a Conventional 
Septic Tank -- Soil Absorption System (Russell and 
Axon, 1982) . 
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Figure 2. What to Look For in Seil Borings (Meyer, 1975). 
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material. These two factors are of specific interest in 
the treatment and disposal of septic tank effluent. 
Organic Materials 
Where organic material has accumulated over very long 
periods of time the soil becomes very dense. This density 
is due to the relative size of organic material and the 
receiving soil. Decayed organic material is smaller in 
size than the adjacent soil particles and for this reason 
fills the voids between the soil particles which increases 
the density of the soil. The increased density ~ends to 
retard the movement of water through the soil pores. Soils 
of this type can be found in low-lying areas where organic 
material has been allowed to accumulate over thousands of 
years. Most soils of this type are easily recognized due 
to their darker color and the characteristic of the soil to 
stain the fingers when rubbed (FIBH 1982). 
Water Saturation 
Water saturation is one of the most difficult 
conditions facing the treatment and disposal of septic tank 
effluent. Removing excess water from an area with a 
seasonal high water table is sometimes impossible to 
accomplish. Saturated conditions in a sandy soil give 
bacteria and viruses a free ride through the soil pores 
with no effective treatment. It is imperative to maintain 
1 0 
unsaturated conditions in soils that receive septic tank 
effluent. 
Soils that remain moist for long periods of time have 
trouble accepting additional moisture from rainfall or 
surface runoff. Since these soils tend to remain moist 
they may also accumulate organic material, which has 
decayed above and percolated with the downward movement of 
the water. The color of a soil may provide some indication 
of the degree of water presence. Varying shades of gray or 
mottling (gray splotches) in soils tend to indicate the 
presence of fluctuating water levels (Meyer 1975). Large 
. 
areas of a county containing these soils should be 
developed on a sewer system rather than septic tanks and 
absorption sytems_ This is because of the difficulty of 
removing excess water or lowering the water table to 
prevent the contamination of groundwater. 
The movement of water in soils from one point to 
another is dependent upon the gravitational pressure of the 
water and the permeability of the soil (FSIH 1982). The 
smaller soil pores fill first then the larger pores. When 
the larger pores are filled, the soil will transmit water. 
Saturated soils will transmit more water than the same soil 
in an unsaturated condition~ A saturated sand transmits 
more water than an unsaturated sand, as shown in Figure 3. 
To accurately describe the movement of water through 
soils , soil-water characteristic curves and hydraulic 
conductivity curves are used Both are beyond the scope of 
Figure 3. 
1 1 
SATURATED UNSATURATED 
Sand 
Sandy loam 
Clay 
a Ai r-f i I led pores 
Liquid-filled pores 
Schematic Diagram Illustrating the Effect of Pore 
Size on Saturated and Unsaturated Flow Phenomena 
( FS I H, 1982) . 
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this paper and are therefore, not used. Essentially, the 
movement of water through soils is a function of pore size, 
pore shape and other factors and the effect these factors 
have on the soil's ability to transmit or store water. 
Texture 
Another important characteristic of a soil is its 
texture, which is a function of particle size and shape. 
The relationship of sand, silt and clay particles and the 
pore spaces is shown in Figure 4. The pore spaces allow 
for the transmission of water and other liquids through the 
soil. Water, in the form of septic tank effluent, is 
transmitted through these pore spaces. Wa ter can move in 
both a vertical and horizontal direction depending on the 
degree of gravity and capillarity . When all the pore 
spaces between soil particles are full of water then the 
soil is said to be saturated. When only the smaller pores, 
called micropores, contain water then the soil is 
considered to be unsaturated (FSIH 1982) . Mo st soils 
contain some water due the capillarity of the smaller pores 
(Figure 5). 
The ability of a soil to accept additional organic 
material (in the form of septic tank effluent) is greatly 
impaired when the small pore spaces are already full of 
previously accumulated organic material. If the soil is to 
be an effective median for the treatment and disposal of 
septic tank effluent, then these parameters must be 
A 
c 
Figure 4. 
1 3 
B 
Sand-sized 
particles 
Clay and silt-
sized particles 
D Soil pores 
A. Section through sand showing 11 packing 11 pores 
between the soil grains. 
B. Section through a loamy sand showing concentrations 
of clay and silt particles at points of contact 
between sand grains, reducing the size of the pores 
between the sand grains. 
C. Section through a sandy loam showing a typical 
assembly of sand, silt and clay particles into 
aggregates. Large pores exist primarily between 
aggregates and constitute a smaller proportion of 
the soil than in sand or sandy loam. 
Typical . Structure of Three Types of Soil; Sand, Loamy 
Sand and Sandy Loam (FSIH, 1982). 
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Water is pulled up into a capillary when the capillary 
is placed in water. The thinner the capillary, the higher 
the rise. This illustrates that small pores in unsaturated 
soil retain more water than large pores. In turn, it is 
more difficult to remove excess water from the smaller 
pores 
Figure 5. Capillary Action and Soil Pore Size (FSIH, 1982). 
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considered. Excess water and/or excess organic material 
are generally the two limiting factors affecting the site 
selection for septic tank effluent disposal. 
Biomat Development 
Effective treatment of septic tank effluent is 
accomplished through the soil pores and the development of 
a "biomat" at the aggregate/soil interface. The biomat 
develops as organic material from the septic tank and 
accumulates at the soil interface_ The biomat may extend 
from the interface 2-5 cm. into the soil (Anderson 1982). 
The biomat is composed of slimes, organic solids, 
bacteria, protozoa and decayed microbial cell walls (Laak 
1974). The establishment of this mat actually retards the 
flow of additional effluent through the aggregate and into 
the surrounding soil (Figure 6). 
The biomat acts as an additional filter of the septic 
tank effluent before it is discharged to the soil. 
Development of this biomat eventually leads to the failure 
of the absorption system. This occurs primarily because 
the biomat reduces the infiltrative capacity of the soil. 
When the discharge rate of the septic tank is constant the 
biomat processes decreasing amounts of effluent. Since 
additional effluent flow is now retarded by the biomat, it 
seeks escape through the sidewalls of the adsorption system 
or "ponds" above the biomat. 
Native soil· 
Si dewa 11 
Infiltration 
Biomat 
Figure 6. 
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Evapo-
transpi ration 
Grass 
Sidewall 
Infiltration 
Drainfield Trench Showing Direction of Travel of 
Wastewater Effluent (Bernhart, 1974). 
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The greatest potential for leaching nutrients to a 
water table exists in coarse or medium sands (Clanton 
1982)~ The ability of these soils to treat effluent is 
enhanced by biomat development. This is due to: 
1. Retarding the rate of effluent movement through the 
soil. 
2. Providing a living filter for the decomposition and 
decay of some organic material ·. 
3. Providing an additional subst ate for the physical, 
biological and chemical reactions to take place. 
The development of the biomat occurs more rapidly 
under anaerobic conditions as the organic material decays 
into fermentation by-products such as slimes and the 
deposition of ferrous sulfide (Anderson 1982). After the 
biomat fully develops, the underlying soil may remain 
unsaturated even though septic tank effluent ponds above 
it. The biomat will develop regardless of whether a 
drainfield trench or absorption bed is used. 
The ability of a soil to accept and process effluent 
through the biomat is termed the acceptance rate. 
Continuous application of septic tank effluent to the 
infiltrative surface will continuously decrease this 
acceptance rate At some point in time, equilibrium is 
reached (between .the design flow rate and the actual 
acceptance rate) and eventually surpassed. This is 
generally where the system fails. 
18 
The most common cause of system failure is the 
inability of the septic tank to treat and the failure of 
the absorption system to accept. The absorption system may 
fail to accept even if _the septic tank continues to treat. 
The use of absorbtion beds or drainf ield trenches would 
make little or no difference in the time required for the 
system to fail, although experience indicates the 
absorption bed would probably fail first. 
BACTERIA AND VIRUS 
The potential for disease transmission in disposing of 
human waste has been well documented. Improved sanitation 
and active immunization programs, however, have reduced the 
incidence of many diseases. The disposal of human waste by 
way of septic tank systems does pose a special concern to 
potable water systems. Many cases of water-borne disease 
transmission go unsuspected, unreported or undiagnosed. From 
1961 to 1970 there was an average of 2.3 cases of documented 
water-borne illness per 100,000 people annually (Cran 1976). 
Most of these cases can be attributed to contamination of 
water supply systems by human waste, generally a septic tank 
absorption system. 
Waste from fecal origin contains large numbers of 
microorgnisms, some of which are pathogenic to animals and 
man. Once these microorganisms are disposed of in the septic 
tank, they soon find their way to the soil absorption system. 
The soil is ultimately responsible for the disposal of the 
wastes that are received. Many factors affect the life of 
excreted microorganisms. Some of these factors are pH, 
temperature, oxygen and competition from native organisms. 
Fecal waste not only contains large numbers of 
microorganisms, but also provides a source of carbon and 
nitrogen for microbial growth. Once disposed of in the 
1 9 
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absorption system, most microorganisms either perish or are 
reduced to lower numbers within a few months. Some 
pathogenic microorganisms have longer survival times in soil 
and are of particular importance when considering a disposal 
system (Doran 1977). 
From a public health standpoint the removal of 
pathogenic organisms is the critical function of the soil 
absorption system. The soil's ability to purify effluent is 
a function of the liquid flowing through the smaller pore 
spaces, as described in the chapter on soils. This liquid 
movement allows for more effluent/soil contact, hence, more 
effective purification (EPA 1978). 
Source of Bacteria and Virus 
The estimated concentrations of selected waste water 
pathogens in municipal waste is shown in Table 1. Raw septic 
tank effluent can be expected to parallel that of untreated 
municipial waste water. Treated septic tank effluent may or 
may not resemble municipal waste after treatment, due to a 
difference in treatment process (aerobic versus anaerobic). 
Figure 7 shows the relative concentration of various 
bacteria at several depths adjacent to an absorption field. 
Bacterial counts are greatest at the biomat layer (4.4X1o10) 
and decrease rapiqly from that point. After traveling 
through 12 inches of unsaturated soil, these counts are 
reduced to 3.7 X 10 7 organisms. 
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TABLE 1 
ESTIMATED CONCENTRATION OF SELECTED WASTEWATER PATHOGENSa (Loehr, 1979). 
Number of Organisms/gallon 
Untreated Primary Secondary 
Disenfectionb Pathogen Wastewater Effluent Effluent 
Salmonella 2.0 x 104 1.0 x 104 5.0 x 102 5.0 x 10- 1 
E. histolytica 1. 5 x 101 1.3 x 101 1.2 x 101 1.2 x 10-2 
Helminth ova 2.5 x 102 2.5 x 10 1 5.0 x 10° 5.0 x 10-3 
Mycobacterium 2.0 x 102 1.0 x 102 1.5 x 101 1.5 x 10-2 
Human enterovirus 4.0 x 104c 2.0 x 104 2.0 x 103 2.0 x 102 
(poliovirus, etc.) 
aAdapte~ from Foster and Englebrecht in recycling treated municipal 
wastewater and sludge through forest and cropland, Sappers and Kardos, 
beds. Pennsylvania State University Press, University Park, Pa., 1973. 
cConditions sufficient to yield a 99 .9% kill . 
As high as 4.0 x 106 per gallon have been reported. 
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Absorption field 
cross section 
0 
1 
2 
3 
-
Figure 7. 
Trench 
0 
Clogged zone 
... 
Native soil 
1ft 
Fecal 
Strepto-
I cocci 
.... 200 
160,000 
54,000 
• 
L<200 
<200 
• 
"--<200 
Fecal Total Total 
Coliform Coliform Bacter70. 
(x 10 ) 
200 600 0.6 
1,900,000 5,700,000 3.0 
4,000,000 23,000,000 4400 
17,000 23,000 6.7 
<200 (600 3.7 
700 1800 2.8 
Cross Section of a Drainfield Trench in Sand Showing 
Bacterial Counts at Various Points Near the Trench 
(EPA, 1978). 
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Most bacterial and protozoal infections require high 
infective doses. For instance, ingestion of 10 8 
enteropathogenic E. Coli or V. Cholera, 10 3 to 105 
Salmonella and 10 1 to 10 2 Shigella organisms are necessary 
to cause infection in man. Nonetheless, a single virus 
particle may be sufficient to produce disease in a human host 
(Morrison 1977). 
Spore forming bacteria such as Bacillus and Clostridium 
are of particular concern. These bacteria are very resistant 
to die-off if their spores are incorporated into the soil. 
In 1881, Pasteur isolated Bacillus anthracis from soil after 
-
an inc u b a t·i on period of 12 ye a rs . W i 1 son and Russe 11 ( 1 9 6 4) 
found viable anthrax organisms in a 60-year-old soil sample 
(Table 2). Spores of the Clostridium genus (tetani, 
perfringens, septicium and botulinum) have been found to 
persist in soil for long periods of time. Heavy or 
water-logged soils tend · to enhance the survivability of these 
organisms, whereas well aerated soils are detrimental. 
-
Another organism capable of long survival time in soil is 
Salmonella typhi (Table 3). 
Influence of the Biernat 
The development of the biomat at the aggiegate/soil 
interface has shown to be an effective remover of bacteria, 
particularly under unsaturated conditions. Slowly permeable 
soils underly{ng the absorption systems are also useful in 
removing pathogenic organisms. This is because of the 
24 
TABLE 2 
SELECTED REFERENCES TO SURVIVAL OF BACTERIA IN SOILS (Loehr, 1979). 
Organism Application Survival Year Researchers 
Bacillus Stored soil 60 years 1964 Wilson and 
anthracis Russell 
Clostridium AC a 30 days 1969 Garcia and 
septic um McKay 
Brucella AC - sterile 188 days 1954 Kuzdas and 
abortus soil Morse 
II AC- frozen 670 days II II 
soi 1 
Listeria AC- moist 6-7 months 1960 Welsheimer 
monocytogene clay soil 
Sphaerophorus Swamp pasture 10 months 1934 Marsh and 
necrophorus 
Leptospira AC 15 - 43 days 1955 Smith and 6e1f 
Mycobacterium Sewage and 15 months 1957 Greeoberg and 
tuberculosis soil Kupka 
Brucella AC - manure 20 days 1905 Horrocks 
melitensis and soi 1 1906 Gi l.mour 
Salmonella Sewage studies 112 days 1971 Kenner et al. (other than 
typhi) 
aAC= Artificial Contamination 
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TABLE 3 
SELECTED CHRONOLOGY OF REPORTED SURVIVAL OF SALMONELLA 
TYPHI IN SOIL (Loehr, 1979). 
Researchers 
Grancher and Deschamps 
Karlinski 
Robertson 
Martin 
Rul Iman 
Demster 
Firth and Horrocks 
Sedgwick and Winslow 
Cl audits 
Mair 
Me 1 i ck 
Murillo 
Kligler 
Grandi 
Beard 
Wade 
Mallman and Litsky 
Pikovskaya et al. 
Year 
1889 
1891 
1898 
1901 
1901 
1902 
1902 
1902 
1904 
1908 
1917 
1919 
1921 
1930 
1940 
1950 
1951 
1956 
aAC= Artificial Contamination 
Application/Soil Survival time 
ACa 5.5 months 
AC 3 months 
AC 315 days 
AC- unsterile soil 404 days 
Organically applied 100 days 
unsterile soil 
AC- various soils 42 days 
AC 55 days 
Moist soils 2 weeks 
AC 70 days 
Unsterile soils 74 days 
Infected feces 74 days 
Sterile soil 55 days 
AC 70 days 
AC 20 days 
Various soils 120 Qays 
Sand, organic 6 weeks 
muck 
Wet soil 19 days 
AC 110 days 
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increased contact between the bacteria and virus and the 
smaller pores of the slowly permeable materia . This is not 
the case however in poorly drained soils with a fluctuating 
water table. In this case, organisms can be expected in 
higher numbers where water moves freely through unrestricting 
layers. 
Virus Characteristics 
Viruses are very small (0.02 microns) and characterized 
by their inability to reproduce outside of the living cell. 
Most vi uses have a protein coat surrounding the nucleic acid 
and rea ti"ons of viruses in the environment are 
characteristic of this protein coat. For this reason many 
predictions of virus behavior have been made solely on the 
knowledge of protein chemistry (Sproul 1975). 
Over 100 different types of viruses have been isolated 
from fecal material. These include representatives of the 
adeno, reo and enterovirus group. Serum and infectious 
hepatitis have also been found. They are even more resistant 
than those just mentioned (Wellings 1975). 
V i r us Remo v a 1 and I n act i v .at i on 
Virus adsorption and subsequent inactivaiion in soils 
has generated con~iderable interest in recent years. As with 
bacteria, viruses enter the septic tank absorption system 
through asssociation with cells in the fecal material. As 
the fecal material settles, some of the viruses may be 
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rel eas ed (depending upon the water turbulence) into the 
liquid layer and then to the absorbtion system. 
Virus adsorption in the soil occurs mainly through the 
in te raction bet wee n chemical groups of the adsorbtion surface 
and the prote i n co at of the v irus. The more adsorbing 
surface available, the gre at er t he adsorbing capacity. This 
is the case when one comp ares the adsorbing capacity of fine 
soils and coarse soils . A typ ic a l fine sand with some clay 
present can have a su r fac e ar ea as great as 10,000 cm 2 per 
gram, whereas a coarse sand has onl y 10 to 50 c m~ per gram 
(Loehr 1979) . Thus, the i ncr ea s ed sur f ace area of the fine 
sand allow~ that medium t o perf orm a more effective job of 
removing virus . 
The removal of viruses i n s oi ls is normally de pendent 
upon three factors : sorption , ina ct iva t ion and retention. 
Viruses in septic tank eff l uent ar e r ea dily adsorbed to solid 
surfaces such as so i l partic l es. The viruses can then be 
inactivated by a spontaneo us pro cess which is temperature 
dependant . Retention of v irus particles is dependant upon 
the degree of saturatio n of th e soil por e s through which the 
virus must trave l. In mo re s at urated soils there is less 
opportunity fo r contact between the virus and the soil 
pa r t icles (EPA 1978). 
The most effective me t hod of removing virus from septic 
tank effluent is to maximize the amount of contact between 
the virus and the soil surface. Fine textured soils provide 
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better contact than coarse soils because of this incr~ased 
surface area. 
To promote effective removal of virus particles in an 
absorption system, consideration should be directed towards 
maximizing the adsorption area (since adsorption is the most 
important removal mechanism) . A septic tank absorption 
system should then be designed to enhance the ability of the 
soil to adsorb virus particles . 
Sproul (1975) claimed that virus removal by inactivation 
was affected by adsorption, bacterial enzymatic attack and 
natural die-off . He also indicated that dilution can reduce 
the likelihood of a particular water sample containing a 
virus particle . Dilution, however, is not considered a means 
of removal or inactivation. 
Another important factor to be considered in virus 
removal is the rate of flow of effluent to a particular soil. 
Sproul (1975) suggests that a flow rate of 1.0 gallon per 
square foot per day be maintained to effectively remove virus 
particles. Particularly, when the flow through the soil is 
to be more than 10 feet . 
Laboratory studies have shown that sandy soils without 
structure can be loaded with septic tank effluent at a rate 
of 1.20 gallons per day per square foot or less and still 
provide satisfactory virus and bacteria removal within 
several feet (EPA 1978). 
Although a single virus particle has the potential for 
initiating infection in man, the process of exposure does not 
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always result in overt disease. An individual innoculated 
with a virus particle provides a substrate for the virus to 
r e p 1 i c a t e . W i t h o v e rt ·d i s e a s e 1 a r g e q u a n t i t i e s o f v i r u s 
particles can be excreted in the feces, processed by way df 
the septic tank and ultimatly returned to the soil through 
the absorption system. 
Evidence that viruses can and do survive in the soil is 
limited to several experiments. One experiment demonstrated 
the survival of poliovirus in dry sand for 72 days. 
When the same soil was moistened with water, the survival 
time increased to 112 days (Wellings 1975). Another 
researcher isolated poliovirus from a 100 foot deep well 
located over 300 feet from a sewage effluent drying bed (Mack 
1972). 
Wellings (1975) isolated virus that had traveled 10 to 
20 feet through sandy soil in the St. Petersburg area. In 
this experiment, heavy rains were shown to have a detremental 
effect on virus ads o ri~ t -i on . 0 n c e more , the soi 1 Iwate r ratio 
is of prime importance in the adsorption of virus particles. 
Isolation of Virus Particles 
Isolation and identification of virus par~icles in 
ground water is a difficult task. This is mainly due to two 
factors; 
1. Virus particles in ground w~ter can be expected to be 
very low if present at all. Therefore large quantities of · 
water are necessary to isolate these parti~les. 
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. 2. Virus particles have various physiochemical properties 
which allow some viruses to non-absorb to the filter 
membrane and therefore, go undetected. 
Since the isolation of virus is at best, difficult, the 
detection of just one virus particle from subsurface water 
should be considered serious (Wellings 1975). 
Removal of pathogens is the critical function of the 
soil absorption system. Most bacteria that reach the soil 
die because of an adverse environment, even though some 
bacterial species may survive for longer periods of time. 
Virus are normally adsorbed onto the soil particles due to 
their che~ical structure. 
The use of soil as a disposal media in removing bacteria 
and virus has long since established credibili.ty. This 
chapter has focused on bacteria and virus present in septic 
tank effluent and some factors that affect their $Urvival or 
demise. 
The disposal of septic tank effluent through the soil 
may seem to be a questionable practice. This is not the case 
however as research has shown that travel through two to four 
feet of unsaturated soil is sufficient to remove 95% of the 
pathogenic bacteria (EPA 1980). 
The soil does not do a perfect job of tr~ating waste 
water from septic tanks. However, with proper design, 
installation and management of soil absorption systems the 
soil can perform the most effective job in removing a high 
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percentage of"those organisms which may be harmful to public 
health. 
Finally, particular attention must be paid to soil 
characteristics when choosing a site for the disposal of 
human waste. Careful selection of a disposal system, proper 
installation and periodic maintainance are key factors which 
affect the success of any soil disposal system. 
NITRATE PRODUCTION AND DISPOSAL 
In residential communities served by septic tanks and 
individual wells, nitrates leaching into ground or surface 
water is a significant public health concern. Although the 
presence of nitrates in ground or surface water does not 
immediately implicate septic tanks, they are almost always a 
source of this contaminant. 
The ~resence of 10.0 milligrams/liter or more of 
nitrates in a potable water well can cause methemoglobinemia 
in newborn babies. This is because nitrates are reduced to 
nitrites in the newborn's digestive tract. There the 
nitrites convert hemoglobin to met-hemoglobin molecules. 
This conversion results in a decreased oxygen supply in the 
circulatory system which is manifested by the "blue baby" 
syndrome (Bernhart 1973). 
Between 1945 and 1964 about 2,000 cases of 
methemoglobinemia were reported in the United States and 
Germany with 150 deaths. None of the$e deaths occured where 
nitrate levels were below 10.0 milligrams/lit~r. 
Ironically, nitrate levels exceeding 10.0 milligrams per 
liter have no apparent ill effect on adults (Chanlett 1979). 
The potential public health concern for high levels of 
nitrates in drinking water is well stated. Table 4 shows 
the typical characteristics of residential waste water. 
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TABLE 4 
CHARACTERISTICS OF RESIDENTIAL WASTEWATERa(EPA, 1980). 
Parameter 
Total solids 
Volatile solids 
Suspended solids 
Volatile suspended 
solids 
8005 
Chemical oxygen demand 
Total nitrogen 
Ammonia 
Nitrites and nitrates 
Total phosphorous 
Phosphate 
Total coliformb 
Fecal coliforms 
Mass Loading 
(gm/cap/day) 
115 - 170 
65 - 85 
35 - 50 
25 - 40 
35 - 60 
115 - 125 
6 - 17 
- 3 
<1 
3 - 5 
1 - 4 
Concentration 
(mg/l) 
680 - 1000 
380 - 500 
200 - 290 
150 - 240 
200 - 290 
680 - 730 
35 - 100 
6 - 18 
<1 
18 - 29 
6 - 24 
1010 - 1012 
108 - 1010 
aFor typical residential dwelling equipped with standard water-using 
fixtures and appliances (excluding garbage disposal) generating 
bapproximately 45 gallons/capita/day . 
Concentrations presented in organisms per liter. 
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Nitrate levels in this type of waste water are very low 
(~1.0 mg/l). Most nitrates found in potable water wells are 
not produced by raw residential waste water. Nitrogen 
containing compounds found in the waste water are oxidized 
in the absorption system forming nitrate compounds. To 
understand the movement and transformation of nitrogen into 
nitrates requires the use of some simple chemistry. The 
general equation for the transformation of nitrogen to 
nitrates is shown in Figure 7. 
For nitrogen to become a public health concern, it must 
first be introduced into the terrestrial environment. Waste 
water, sludge, fertilizer, and precipitation are the usual 
sources of nitrogen in the environment, as well as the 
fixation of molecular nitrogen by specialized 
microorganisms. Since this paper deals with nitrogen 
production and subsequent nitrate conversion, through septic 
tank absorption systems, only waste water nitrogen will be 
addressed. 
Source of Nitrogen Compounds 
The origin of nitrogen for nitrate production comes 
from two primary sources; organic nitrogen and ammoniacal 
nitrogen. Organic nitrogen is found in many carbon 
containing waite .compounds such as proteins. This form of 
nitrogen is transformed by microbial decomposition before it 
is available for plant uptake or leaching. 
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Ammonium Nitrite Nitrate 
'---....--------.... ~ \._~-------.....~,.....-----J./ 
AMMONIFICATION NITRIFICATION 
This reaction occurs at temperatures above 60°f. Nitrification occurs 
only under oxidizing conditions. 
Nitrate Nitrite Nitric Oxides Elemental N 
DENITRIFICATION 
This reaction only occurs under conditions of low oxygen tension . 
Figure 8. Nitrogen Reactions in the Soil (Russell and Axon, 1982) . 
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Ammoniacal nitrogen is generally found in two forms: 
the ammonium ion (NH4+) and gaseous ammonia (NH3). The net 
positive charge of the ammonium ion makes it a good 
candidate for cation exchange. Other ammonium ions can be 
used as a nitrogen source for both plants and 
microorganisms. At high pH levels (> 8.5) ammonia 
predominates over the ammonium ion and may escape into the 
atmosphere (Loehr 1979) 
The nitrogen found in septic tank effluent is about 80 
percent ammonia and 20 percent organic nitrogen (Loehr 
1979). Much of this nitrogen is converted to nitrate as it 
moves through the aerated soil immediately below the biomat. 
If anaerobic conditions were to prevail then nitrification 
would not occur and the nitrogen would tend to remain in the 
form of the ammonium ions. Ammonium ions can be adsorbed 
through the cation exchange process and the subsequent 
migration greatly reduced. 
Nitrite (N02-) is a highly mobile anion which is formed 
during microbial decomposition of the ammonium ion. 
Nitrites generally do not accumulate in the soil since it is 
only a transitory byproduct. Nitrate (N03-) is another 
highly mobile anion which can be used by both plants and 
microorganisms. This form of nitrogen is referred to as 
nitrate-nitrogen and is highly soluble in water. From a 
public health standpoint, nitrate-nitrogen is very 
significant because of its' stability, solubility and 
adverse health effects. 
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Another form of nitrogen compound is nitrous oxide 
(NzO) which is formed by the denitrification of the nitrate 
molecule. This same process is also responsible for the 
production of molecular nitrogen (N2). 
Nitrate Production 
To convert any form of nitrogen to nitrate, an ample 
supply of oxygen must be available. Oxygen may be present 
in the pore spaces of the soil, brought in through rainfall 
or obtained from other organic compounds already present in 
the effluent. Soils that are well aerated provide favorable 
conditions for nitrate production. Nitrate production is 
also enhanced by 80-90f temperatures and neutral to slightly 
alkaline pH values (Loehr 1979). Some of the most common 
soil types in central Florida, including Astatula, Paolo, 
Orsino, and Tavares, tend to favor the production of 
nitrates for these reasons. 
Miller (1975) found that extremely permeable soils 
favor the movement of nitrogen compounds down to the water 
table as nitrates. As areas with these types of soils 
become more populated with septic tanks the level of 
nitrates will also increase. 
Depending on the soil environment, adsorption or 
biological action tend to control the movement of nitrogen 
through soil. Once waste water nitrogen has been converted 
to nitrate, very little inhibition of movement will occur. 
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The nitrogen in septic tank effluent can be converted 
to nitrates in sandy, well-aerated and warm soils. These 
condi tions exist in the most common soils for septic tanks 
in central Florida. Using drainfield trenches may minimize 
nitrate production although supporting documentation is 
lacking. Once the nitrogen is converted to nitrate below 
the absorption system, few if any barriers remain to reduce 
the travel of nitrates to the ground water. There is little 
difference in the effectiveness of drainfield trenches and 
absorption beds to treat nitrogen compounds (since both 
systems actually create nitrates). There is a great deal of 
difference, however, in nitrate disposal. 
Control of Nitrates 
Nitrate production from septic tank effluent is 
difficult to control regardless of the disposal system 
chosen. In areas of high succeptibility to nitrate 
contamination, steps should be taken to minimize the 
potential danger inherent to these sys tem s. Some of these 
steps would include; 
1. Restricting the flow of rapidly permeable soils by 
installing clay-containing liners immediatly below the 
absorbtion system . 
2. Using drainfield trenches where property sizes will 
allow. 
3. In areas of high probability of nitrate 
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contamination, a public water system should be designed 
for use by the residents. 
4. In areas where public sewers and public water systems 
do not exist, strict enforcement of lot size requirements 
must be practiced, regardless of the political and 
economic pressures present. Separation of the septic 
tank system from private wells must also be maintained. 
Most of the nitrogen found in septic tank effluent 
is ultimately converted to nitrates in the absorption 
system, which then moves through the soil with relative 
ease. Once the nitrates are introduced to the soil by 
the absorption system they will eventually enter ground 
or surface waters (Hall 1975). 
DRAINFIELD TRENCHES AND ADSORPTION BEDS 
The primary purpose of this paper is to examine the 
relative effectiveness of drainfield trenches and absorption 
beds in disposing of bacteria, viruses and nitrates from 
septic tank effluent. It is the thesis of this paper that 
drainfield trenches are not only more effective but the 
indiscriminate use of absorption beds may contribute to 
ground wat~r contamination . 
There are several features inherent to both absorption 
beds and drainfield trenches that should first be addressed. 
Absorption beds are generally cheaper to install, take up 
less space and require less time to install than drainfield 
trenches. On the other hand, absorption bed s do not have the 
additional sidewall area common to trenches and the 
excavation of beds in certain soils can destroy the soil 
surface making the system virtually impermeable. Drainfield 
trenches require less overall square footage for a given flow 
rate because of the additional sidewall area. They also 
require less aggregate and are not usually subject to 
construction smearing . However trenches take longer to 
install and require greater property area. 
At present, the EPA (1980) recommends and encourages the 
use of drainfield trenches over absorption beds. In areas 
where trenches are not feasible, such as extremely small 
40 
41 
lots, they recommend that the bottom area of the absorption 
bed be increased in proportion to the amount of sidewall area 
lost. The U.S. Public Health Service (1964) also recommends 
the use of drainf ield trenches whenever feasible or possibli. 
When designing an absorption system the available soil 
area must be maximized in order to maximize the degree of 
purification . Drainfield trenches maximi ze this potential by 
providing additional sidewall area and distributing septic 
ta~k effluent more uniformly over a larger area. When 
potable water is drawn from shallow water aquifers these two 
factors are of utmost importance . 
System Differences 
The major design difference between the 'two systems is 
that an absorption bed contains all the trenche s in one 
excavation . Operational differences are in the ability of 
the sid~walls to absorb septic tank efflue·nt. It should be 
noted that both the bottom horizontal area and the vertical 
sidewall can act as an infiltrative surface for waste water 
absorption . Figures 9 and 10 show a typical absorption bed 
and drainfield trench. 
A drainfield trench provides for additional horizontal 
movement before vertical forces take effect. This forces the 
effluent to undergo additional treatment before it may 
percolate down to the water table. This is particularly 
sig nificant in disposing of bacteria and virus . since surface 
area is so important. 
Septic tank 
system 
Figure 9. 
2 - ft 
ini u 
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Distribution 
box 
ate 
ere · ·c c 
T pical Abso ption Bed tern ( EP , 19 
·ati e s · 
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Grass cover 
2 - 4 ft . min. 
Backfill 
Barrier 
~ material 
Water table or 
~-creviced bedrock 
Figure 10. Typical Drainfield Trench Syst em (EPA, 1980). 
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Advantages of the Sidewa l l 
In most circumstances the drainfield tre nch can be 
expected to process more effluent than the abs orbtion bed. 
Because of the additional sidewall area , in creas ed surface is 
provided for those physical, chemical and bio l og ical 
activities to occur which purify effluent . 
The type of soil and the degree of soil wetn ess are 
determining factors in the ability of the sid ewa ll t o conduct 
effluent. Frequent and heavy rainfall may reduce th i s 
ability, because of the increased soil/water ratio at the 
sidewall. During heavy rainfall the bottom area . bec om es the 
dominant i~filtrative surface . Increased wat e r le vels above 
the biomat increases the amount of . pressure exert ed on the 
biomat. This additional pressure tends to forc e ef f luent 
through the biomat at a greater rate than during per iods of 
dry weather. 
In temperate regions, absorption systems prob ably should 
be designed on bottom area only . Sidewall area s s ho uld still 
be maximized for use during the dry portion s of t he year. 
Figure 11 indicates the potential evaporation versus t he mean 
annual precipitation for the United State s. In t he central 
Florida area, this difference range s from 5 i nches greater 
precipitation, to no difference at a ll. This means that the 
mean annual precipitation rate normally exc eeds the potential 
for evaporation. For this reason , ab sorption systems in the 
ce ntral Florida area shoul d be desi gned on bottom area only. 
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When an absorpt i on bed or drainf i eld tre nch is first put 
into service, only the bottom area receives an d distributes 
effluent. After a period of time the biom at be gins to 
develop at the aggregate/soil interface . Th e biomat tends to 
retard the movement of effluent through the bottom area and 
also acts as an organic filter for the effluent . At some 
point in time, effluent begins to pond above th e biomat and 
the infiltration rate is reduced. As additiona l effluent 
enters the system the sidewalls begin to infiltrate. 
Depending upon the vertical and horizontal gradients, t he 
soil moisture content and the biomat resistance, t he 
infiltration rate is difficult to determine . 
Kropf (1977) found that the sidewall ar ea con sis t ently 
infiltrated more effluent than the bottom . He att r ib uted 
this to the development of the biomat at the aggrega te/soil 
interface. As effluent ponds above the bottom s ur fa ce above 
the biomat layer, Kropf noted "breakthrough s " of eff luent 
through the biomat identified by enormously high coliform 
counts~ This situation seems to occur more oft en in coarse 
soils than in fine soils due to the extra di sta nce required 
for the biomat to bridge in order to deve l op . 
Research has shown that the sidewa ll is by f ar the most 
effective infiltrative surface because; 
1. Suspended solids fo und i n sept i c ta nk ef fluent do not 
generally contribute t o biomat deve lo pment on the 
sidewa ll s . 
2 . A f l uctuati ng l i quid l evel wi t hin the absorption 
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system will allow alter nate "loading and resting" of the 
sidewall surface while the bott om re main s continously 
inundated. 
3. During periods of "rest" any c logg i ng that may 
deve l op on t he sidewall is able to slough of f. 
Therefo r e , i t is recom mended that the septic ta nk absorption 
system sho ul d maximize the sidewall area (EPA 19 78). 
Figu r es 12 and 13 show typical cross secti ons of an 
absorpt i on bed and a drainfield trench . The absorp tion bed 
covers the same bottom area as the trench but with a 
substantia l loss of s i de wall area. Notice that the 
drainfie l tl trenches are shallow excavations wit h each 
distribution l i ne i n a se pa rate trench, wherea s , t he 
absorption bed contai ns all distribution line s in t he .same 
trench . 
For these reasons , dr a infield trenches wou l d be the 
system of choice in res i de ntial subdivisions . This is not 
the case howeve r. Acco rding to John Heber, env i ro nmental 
health consultant in Tallahassee, nearly 60 pec en t of all 
septic tank i nsta ll at ions in Florida use absorpt ion beds. 
Most count i es in th e panhandle ironically, use drainfield 
t r enches , while the central Florida ar e a i s pre dominatly 
a bso r pt ion beds. The practice of using absorption beds in 
lieu of drainfield trenches lies i n deve lo pment pressure, 
local preferences and a lack of unders t anding among all 
parties involved. 
48 
DD 
QC> 
Distribution box 
Bottom area 
Septic tank 
J 
I 
) 
,. 
I 
I Sidewa l 1 area 
~ 
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Each drainfield trench has both bottom and sidewall areas available _ 
for effluent disposal . Incoming septic tank effluent is evenly dis - _ 
tributed between the trenches by way of the distribution box. Thi s _ 
method of disposal (trench) may contain up to eight times the amoun~ 
of sidewall available for absorption than an absorption bed. 
Figure 12 Cross Section of a Drainfield Trench Disposal 
System Showing the Corresponding Bottom and 
Sidewall Areas. 
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D D 
Distribution box 
Bottom area 
In the absorption bed all the distribution lines are contained in the 
same excavation . otice the significant reduction .in sidewall area 
available for effluent disposal. The absorption bed depends largely 
on the bottom area for effluent disposal. Biernat development and ~ 
infiltration are confined to the bottom of the bed. Effluent disposal 
in this fashion requires less land area, is cheaper to install and 
takes less time to construct than a drainfield trench. 
Figure 13. Cross Section of an Absorption .Bed Showing the 
Corresponding Bottom and Sidewall Areas. 
: .· 
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The installation of absorption beds is often more 
attractive than the use of trenches because of the total land 
area required, cost and time. The trench provides particular 
advantages in that for the same bottom area required,it can 
provide up to eight times the amount of sidewall as an 
absorption bed. Also, less damage is likely to occur to the 
bottom surface of a trench during the tonstruction phase. 
Although the sidewall area is of no particular benefit 
during heavy rainfall, it does provide an outlet for excess 
effluent which helps prevent septic tank failure. During the 
wet season the sidewall may lose much of its infiltrative 
capacity . However, more effective purification of effluent 
will occur during the dry season. 
Adverse Construction Practices 
When mechanical forces are applied to moist or wet soil, 
fine particles such as clay or silt are allowed to 11 slip 11 
relative to one another . This movement may result in 
compaction or smearing of the soil surface which changes the 
overall soil structure. The result of this shifting is an 
infiltrative surface that is more impermeable than expected. 
The use of mechanical devices such as front-end loaders to 
excavate absorption beds are quite successful at 
accomplishing this . To compound the problem, once the bed is 
excavated a worker usually enters the excavation to level the 
remaining soil with a shovel and his shoes. By the time the 
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drainfield aggregate has been installed the system may be 
doomed to failure before it is ever used. 
When an absorption bed is constructed, it is common 
practice to first remove excess soil with a front-end loader 
and t he n dig the bed with a back hoe. During the process 
severa l passe s are made over the proposed location of the 
abso r pt i on be d with this heavy machine.ry. Once the 
exca vati on i s complete, heavy machinery is backed up to the 
bed to unload the aggregate. Finally, the same machinery is 
use d ag ain t o cover the completed absorption bed and . 
estab l is h t he f inished grade. By the time the system is 
complete l ~ instal led, t he original soil structure may have 
been destroyed by t he weight and/or vibration of the 
machinery .. 
When the soil i s moist or wet, the problem is 
compounded . Since a busy cont ractor cannot wait until soil 
conditions are favorab le for installing an absorption bed, he 
may proceed when co nd i t ions are marginal at best. The 
drainfield trenc h des ign avoids many of these construction 
related problems , or at le ast minimizes them, because the 
heavy mac hi ne ry mus t "straddle" the trench to accomplish the 
exca vat ion .. 
Disposal of Nitrates 
The effectiveness of absorption beds and drainfield 
trenches in treating nitrates is worthy of discussion. As 
indicated in the chapter on nitrates, domestic waste water 
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cpntains very little nitrate-nitrogen in the septic tank 
effluent. Nitrate nitrogen is primarily generated in the 
absorption system, and influenced by several other factors. 
Among these factors are proper temperature, slightly alkaline 
pH and an ample supply of oxygen. Many of the most popular 
soils for building construction in the central Florida area 
meet these requirements (except for the pH yalue). Assuming 
that oxygen availability is the primary factor in nitrate 
production, a closer look at drainfield trenches and 
absorption beds is necessary. 
Refering back to Figures 12 and 13, oxygen is supplied 
to both systems through the effect of downward percolating 
rainfall. In the absorption bed, newly introduced oxygen is 
centrally located in the bed, whereas, in the drainfield it 
is equally divided between the trenches. If we assume that 
there are different levels of native oxygen present in the 
soil than in the absorption system, then ~t some point a 
11 transitional zone 11 exists between the two levels. Since the 
trench is only a few feet wide, this transitional zone is 
greatly reduced as the levels of the native oxygen content 
remain fairly constant. In the case of the absorption bed 
there is an abrupt separation of the oxygen levels because of 
the lack of a well defined transitional zone. · In other 
words, the level of oxygen found in the trench would more 
closely resemble that of the surrounding soil. The 
absorption bed may contain a completely different level of 
oxygen. 
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Since drainfield trenches are narrower they tend to 
parallel the conditions of the adjacent soil. On the other 
hand, absorption beds do not utilize the adjacent soil but 
tend to create their own conditions. For instance, an 
absorption bed in well-aerated soil may contain more oxygen 
than a drainfield trench would contain in the same soil. 
The addition of oxygen, through rainfal-1, would greatly 
affect the surface area of the absorption bed. This is not 
the case with the drainfield trench. 
Regardless of whether an absorption bed or drainfield 
trench is used in sandy well-aerated and unsaturated soils, 
nitrate conversion and ground water leaching may occur 
(Figures 14 and 15). Where an aerobic conditions prevail 
(such as slowly permeable soil s or a high ground water 
table) nitrification is reduced. Denitrification may occur 
if the proper micro-environment is sustained because certain 
microorganisms use the oxygen in nitrate for metabolism (EPA 
1978). 
Another component which ~must be considered in nitrate 
disposal is the dilution factor. Although dilution is not a 
true means of disposal it is certainly one of the most 
important. Trenches and beds both produce nitrates to some 
degree. Once nitrates are produced they are relatively 
unaffected by further treatment processes. Therefore, 
dilution is the only remaining factor to prevent ov~rt 
contamination of the ground water. At best, dilution 
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Nitrate levels are highest directly below the drainfield trench. As 
the nitrates travel through the soil they may be diluted through the 
effects of additional water (rainfall) and the separation of the 
individual point sources of this contaminant . Nitrates are stable 
and highly soluable in water. Once produced, little reduction in 
concentration will occur. 
Drainfield trenches allow f6r better dilution of those aitrates which 
are produced . This is because of the in~reased surface area required 
for the trench system and the separation of the individual trenches. 
For this reason, a particualr sample of water is less likely to contain 
nitrate levels mentioned above. 
Figure 14. Cross Section of a Drainfield Trench Showing the 
Anticipated Concentration and Direction of Nitrate 
Travel. 
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Rainfall 
When sufficient oxygen 
is present, nitrate 
production occurs here* 
Shading represents the relative concentration and direction of 
nitrate travel. 
Nitrate levels are greatest directly below the bottom of the 
absorption bed. There is less potential for dilution in this case 
because of the limited surface area involved. Nitrates that are 
produced tend to concentrate at the bottom of the absorption bed . 
and move downward from there. If no natural barriers are present, 
then the nitrates wi~l move directly to the water table. 
Figure 15. Cross Section of an Absorption Bed Showing the 
Anti~ipated Concentration and Direction of 
Nitrate Travel. 
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minimizes the possibility that any one single sample of 
water will contain excess nitrate levels. 
Referring back to Figure 14 one can easily see that the 
drainfield trenches are more susceptible to the effects of 
dilution. This is because the trench system requires more 
land area and each individual disposal line is separated 
from each other. In Figure 15 the anticipated concentration 
and direction of nitrate travel is shown for an absorption 
bed. As each individual line disposes of its effluent, 
gravity tends to pull this discharge to the center of the 
field where it accumulates. This is not the case in the 
trench system, since each line discharges the same amount of 
effluent but over a greater distance. The ability of the 
trench system to dissipate the nitrate is a function of the 
additional sidewall area and trench separation. Instead of 
the effluent traveling in only the vertical direction 
(absorption bed) horizontal movement performs a part in the 
drainfield trench. 
Machmeier (1981) indicates that nitrate contamination 
is rarely a problem when drainfield trenches are used and 
area wells are deeper than 50 feet. Although, Machmeir does . 
not indicate his reasoning for the above statement, it is my 
opinion that the difference in oxygen levels is a 
fundamental factor. 
Drainfield trenches are more effective at disposing of 
nitrates. This is because of the decreased oxygen supply to 
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the trench as well as the separational difference and the 
subsequent influence of the dilution factor. 
Nitrate contamination of private water wells from 
septic tank effluent has been documented nationwide. In 
Volusia County, Russell and Axon (1981) found conditions 
which indicate contamination of test wells and underlying 
water strata with nitrates and coliform bacteria. They 
postulated that septic tank absorption systems were the 
cause (mainly because there was no evidence to contradict 
their theory). 
Absorption beds were probably the type of system used 
since they are the system of choice in this area. Some 
counties in the central Florida area not only allow but 
encourage the use of absorption beds for the disposal of 
septic tank effluent. 
The study by Russell and Axon (1982) of three areas of 
Volusia County addressed the nitrate. problem with respect to 
septic tanks . In one study area with fine sands, high 
levels of nitrates and fecal streptococci were isolated in 
test wells more than 50 feet from a septic tank absorption 
system. 
Another study area, in west Volusia, was also examined. 
Although the data obtained was not very scientific, one test 
well was found to contain 22.0 ppm of nitrate nitrogen. 
Several private wells in the same general area were also 
tested but these wells showed nitrate levels well below the 
established standard of 10.0 ppm. These wells were 
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approximately 150 feet deep and seated in the upper strata 
of the Floridan aquifer. 
Yet another study area, in Daytona Beach, concluded 
that the shallow water aquifer was highly· contaminated with 
nitra t es. Russel and Axon attributed this contamination to 
the hig h de ns ity use of sep tic tanks and adsorption systems. 
Th e r esu lts of this study tend to indicate that the use 
of sept ic ta nks and absorption systems in certain soils may 
not be doing an effe ct ive job of treating and disposing of 
nitrogen . This problem reflects the nature of the soils 
that are used for the di sp osal of septic tank effluent. As 
stated previousl y, sa ndy, well-aerated and moist soils with 
a surf ace temperatu re between 80f and 90f degrees may 
contribute to the pro duc t ion of nitrates. 
Russell and Axon co ncluded their study of septic tank 
impact with seve r al impo r t ant conclusions. Although the 
study was somewhat co nt r oversial (due to its short-lived 
nature and lack of so und scientific procedure) some 
conclusions do have me rit. Among those conclusions 
supported by othe r r esea rchers in the field include; 
1. So i l pe r co lation tests are not sufficient by 
themse lv es t o de t ermine a soil 1 s ability to accept septic 
ta nk eff lu ent. Other procedures, such . as evaluating the 
soil profile, .should also be used. 
2. Many soils in Volusia County as well as Florida are 
not suitable for conventional septic tank absorption 
systems. 
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3. Some shallow water contamination can be expected from 
the high density use of septic tanks and absorption 
systems in sandy soils with rapid permeability. 
Miller (1975) confirmed nitrate contamination of the 
water table aquifer by septic tank absorption systems in the 
coastal plains of Delaware. He concluded that the high 
density use of septic tanks and absorption syst~ms in 
well-aerated and rapidly permeable soils was responsible. 
Those same soils are similar in characteristics to many of 
the more common soils in Florida . 
The disposal of bacteria and virus is a function of the 
soil which receives and processes the effluent. Since the 
soil pores are responsible for transferring air and water 
they also are the primary process of purifying incoming 
effluent of bacteria and virus. Bacteria can be retained on 
the soil surface which allows for natural die-off, 
competitive organisms and other adverse environmental 
factors to process and dispose of most of these pathogens. 
Viruses, on the other hand, are adsorbed to the soil surface 
through chemical attraction. The amount of soil surface 
available to perform these functions is a good indicator of 
the effectiveness of the abs orption system. 
Most soils perform a highly satisfactory job when 
design, installation and maintainance conditions are 
fa vorabl e for the use of septic tank absorbtion systems. 
Some bacteria and virus however can escape the soil's 
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purifying capability. Several types of bacteria can survive 
for long periods of time in the soil, particularly spore -
forming bacteria. 
The drainfield trench is better capable of treating and 
disposing of both bacteria and virus because of increased 
surface area found in the sidewall. Figures 16 and 17 show 
the anticipated concentation and direction of travel for 
bacteria and virus through a drainfield trench and an 
absorption bed. These illustrations clearly show the 
benefit of additional sidewall area. The absorption bed, 
which relies mainly on bottom area is not very effective at 
distributing processed effluent over a given area. Most of 
the processed effluent tends to accumulate at the bottom of 
the system. From there vertical forces tend to pull the 
effluent downward towards the water table. 
Adsorption is of primary importance for inactivation of 
virus particles . Since adsorption is dependent upon surface 
area and retention time then the drainfield trench would be 
more effective . After the biomat has developed at the 
bottom surface of the adsorption system, the sidewalls of 
the trench then provide additional surface area for effluent 
disposal. 
Drainfield trenches are the absorption system of choice 
in disposisng of . bacteria, virus and nitrates. This is 
because drainfield trenches contain additional surface area 
(in the sidewalls), are not generally subject to 
x x 
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Shaded areas indicate 
the relative concentration 
and direction of bacteria 
travel. X's represent the 
concentration and direction 
of viruses. 
Most bacteria and virus are retained near the disposal lines. This is 
due to the travel of bacteria and virus through the small pore spaces 
which allows for the physical, chemical and biological reactions to 
take place. The ability of a soil to retain bacteria and virus is a 
function of pore size, soil texture and the presence of water (as 
in high water tables ). When. the soil is saturated, then bacteria and 
virus are given a free ride to the water table. 
Notice that most viruses are retained near the surface. This can be 
attributed to the increased surface area provided by the sidewalls. 
Figure 16. Cross Section of a Drainf ield Trench Showing the 
Anticipated toncentration and Direction of Nitrate 
Travel. 
x x x x x 
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x 
Shaded areas indicate 
relative concentration and 
direction of bacteria travel. 
X's represent the concentrat-
ion and direction of virus 
travel. 
Notice that in the absorption bed bacteria and virus travel may be 
greater due to the increased concentration in a smaller area. Because 
of the decreased sidewall area, infiltration is- generally confined 
to the bottom surface. Since there is less overall surface area the 
ability of the soil to attract and inactivate virus particles is 
reduced. Where saturated conditions are common virus an-0 bacteria 
travel is enhanced. 
Figure 17. Cross Section of an Absorption Bed Showing the 
Anticipated Concentration and Direction of Bacteria 
and Virus Travel. 
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const r uctio n dam age and do a better job of distributing 
eff l uent ove r a larger area. 
Other researchers and experts in the field have long 
since recogn iz ed the potential for drainfield trenches. 
These systems are not the system of choice in central 
Florida, where soil conditions dema nd better effluent 
treatment and disposa l. Drainfi eld t renches are more 
expensive, take up more space and tak e longer to install 
than absorption beds . For these reason s and the development 
pressure of incoming residents , absorpt ion beds are being 
installed in record numbers . 
Contamination of shallow gr ound water has been 
documented throughout the United Stat es, including the 
central Florida area . Once contam i nat ion has occured it is 
difficult to overcome . Dilution is th e predominant 
corrective measure in nitrate and viru s co nt amaination. 
Since dilution will eventually minimiz e many cases of 
contamination why wasn ' t it conside r ed during the design and 
installation of the septic tank ab sor pt ion system? 
Drainf ield trenches can provide an ad ded margin of safety 
from the risks of ground wate r cont amination. For these 
reasons , trenches sho uld be used with every septic tank 
instal l ation where spa ce will allow to insure effective 
treatme nt and disposa l of human wastes. 
CONCLUSION 
The concept of app l ying part ially treated septic tank 
effluent to subsurface abso r pt io n systems originally 
provided rural dwe l lers a saf e an d effective means of sewage 
disposal . The developme nt of Flo rida fro m a st ate of rural 
dwellers to suburban on es has evol ved over the years 
particularly after the pr od uc t i on of hom e air conditioning 
and ·improved interstate highway s. The ur ban shift in 
Florida is well documented i n ce nsus counts dating back to 
the early 1800s . For instance , in 1830 100 percent of the 
state's population was rural . In 1980 the rural pdpulation 
stands at only 15 . 7 percent . 
The shift to urban l ivi ng is consis t ent through most 
years . On the average the rate of mi gra t ion each of the 10 
year censuses approximates five per cent of the total. From 
1910 to 1930 the automobile was pr i ma rily respsonsible for 
displacing many rural dwellers as well as encouraging 
newcomers to urban li vin g . Fr om 1940 to 1970 nearly 26 
percent of t he pop ul at ion shi f ted from rural to urban 
(FSA 1983 ). 
Th e overall i mpa ct of these statistics incicate that a 
g r ea t ma j or ity of pe ople live in urban areas of Florida (84 
pe rc ent in 1980). The rural dwellers for which septic tank 
sy s tems were originally designed have decreased 
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t r eme nd ous ly, yet the use of septic tank systems have 
in cr eased substa nt ially. Although statewide .figures are not 
available for a ll years the trend towards septic tank use in 
urban areas is convin ci ng . In 1983, 55,409 septic tank 
permits were issued i n Flori da ( exc luding Dade County). If 
one considers that each permit wi ll pot entially serve an 
average family of three then tho se permits represent 166,000 
people in one year alone . Accord in g to the Health Program 
Office in Tallahassee, about 40 per cen t of this state's 
population is served by sept i c ta nks and a bs~rption systems. 
This figure is 15 percent higher than t he na t ionwide average 
establilished by the EPA ( 198 0 ) . 
The use of septic tank system s to se r ve residential 
communities is now to the poi nt where new subdivisions are 
actually planned and develope d wi t h t hese systems in mind. 
Instead of an alternative to a ci t y's cen t ral sewer system, 
septic tanks are sometimes the pr i ma ry source of sewage 
disposal . 
New subdivisions desig ned for use with septic tanks 
must meet specific requirement s de a l ing with lot sizes, soil 
conditions and setbacks . Many of t he older subdivisions are 
yet to be de velope d. Some of th ese subdivisions contain 
very sma ll l ots , somet i me s only 25 by 100 feet wide. To 
de ve l op t hese pa r ce ls several of the lots are usually 
comb in ed toget he r to meet minimum zoning standards, but the 
lot si ze r equir ement for septic tanks usually do not apply. 
Instead each lot is allowed a specified amount of sewage 
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which can be applied to the soil on a daily basis. The 
amount of sewage is based on the anticipated rate of flow 
from each dwelling. 
In older subdivisions with septic tanks the density 
factor is not usually addressed since many of the new 
regulations do not apply. Those regulations which do apply 
are easily pleaded and appealed. In the case where private 
wells are the source of potable water, in a high density 
area, a potential public health hazard may exist. The only 
requirement that must be met for development is the 75 foot 
setback from septic tank to those wells. 
Of major concern is the fact that the amount of 
effluent treated and discharged into a high density area may 
not be receiving adequate treatment to remove or inactivate 
those contaminants already mentioned . Coarse or medium 
sands with little or no clay or other fines may not have 
sufficient surface area to adequatly treat this effluent. 
Furthermore, the drainfield trench is not the system of 
choice on these small lots because of the restricted area. 
If a high water table is present and shallow wells are used 
as a potable water source then the potential for a pub r ic 
health hazard is at its highest level (Figure 18). 
Figure 19 illustrates these conditions and the 
potential for contamination from the h'igh density use of 
septic tank disposal systems. This is especially valid when 
absorption beds are used instead of drainfield trenches. 
Although the potential for nitrate contamination exists with 
- --
Septic tank 
absorption system 
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As water is pulled from the water tab le, a "cone of depression" is 
created around the well point . Contami nants found in overlying soils 
can be washed down by rainfall and depos ited in the water table. 
The same contaminants can then be removed with the ground water. For 
this reason , any contami nant di scharged by the sept ic tank 
absorption system can ultimate ly be consumed by drinking the well 
water . 
Figure 18. Effect of Pump ing Well on Contaminated WateE Movement (Russell and Axon, 1982). 
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either system, the level of bacteria and virus removal is 
significantly better with the drainfield trench. Drainfield 
trenches are more capable of diluting and disposing of any 
nitrates that may be produced. 
Another factor which has not been discussed is how much 
effluent the soil can receive in a given period of time. 
Presently, the Florida Ad~inistrative Code allows up to to 
2.0 gallons of septic tank effluent to be applied to a 
coarse of medium sand on a daily basis (Table 5). 
Tables 6 and 7 indicate that for a soil texture of 
11 sand 11 1.2 gallons per square foot per day can be applied in 
either a drainfield trench or an absorption bed. The 
application rate for Florida is 67 percent higher than the 
application rate recommended by other researchers. Other 
type s of s o i 1 1 i s·t e d i n Ta b 1 e 6 a d d re s s th e p ref e re n c e a n d 
eventually the requirement for drainfield trenches. 
Although documented cases of communicable disease 
attributable to ground water contamination from septic tanks 
is lacking sufficient evidence to indicate the potential 
for contamination does exist. Many cases of viral and 
bacterial infection may have occurred where the patient had 
no idea the source of his/her malady. In such cases a 
faulty or inadequate absorption system may have contributed 
to the infectious process. 
As the population of Florida continues to grow at an 
alarming rate, pressure for increased growth and development 
will continue. Since federal funds for financing new sewer 
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TABLE 5 
MAXIMUM SEWAGE APPLICATION RATES FOR F ORI ,A 
SOIL CLASSIFICATIONS (FAC, 1983). 
U.S. Department of Agriculture 
Soil Textural Classifications 
Sand, Loamy sand 
Sandy oam 
oa Si t loam 
. 
s. l Sandy c ay oam 
0 g . 
Percol ation Maximum 
Rate Appl icat · n to · 
Bottom (ga 1 o 
less than 
2.0 min / 1nc 
2 4 rnin./inch 
5-10 mi /i c 
g eater than 
mi ,.; · h bu 
exce d. g 
t 
h 
g 
square 
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TABLE 6 
RECOMMENDED MAXIMUM LOADING RATES FOR SEPTIC 1TANK SOIL ABSORPTION SYSTEMS BASED ON IN SITU MEASUREMENTS (EPA, 1978). 
Conductivity Type 
I 
II 
I II 
IV 
Soil Text ure 
USDA 
Sand 
Sandy Loams 
Loams 
Si 1 t Loams 
Some silty clay loams 
Clays 
Loading Ra2e Operating 
(gpd/ft 2 ) Conditions 
1.2 4 doses/day 
Uniform 
Distribution 
0.7 1 dose/day 
0.5 
Uniform 
Distribution 
Conventional 
Distribution 
Shallow Trenches 
1.23 1 dose/day 
Uniform 
Distribution 
Shallow Trenches Only 
· 0.23 1 dose/day 
Uniform 
Distribution 
Shallow Trenches Only 
1Assumes that the high water table i s 3 ft . below the infiltrative 
surf ace 
2Bottom area only 
3should not be applied to so ils wit h expandable clays 
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TABLE 7 
RECOMMENDED RATES OF WASTEWATER APPkICATION FOR TRENCH AND BED 
BOTTOM AREAS (EPA 1980). 
Soil Texture Pereol at ion Rate Application 
min.finch gpdfft 2 
Ra.teb 
Gravel,Coarse sand 1 Not suitablec 
Coarse to medium sand 
Fine sand , Loamy sand 
Sandy loam, Loam 
Loam, Porous silt loam 
Silty claY. loam , 
Clay loamo 
1 - 5 1.2 
6 -15 0.8 
16 - 30 0.6 
31 - 60 0.45 
61 - 120 0.2e 
aMay be suitable estimates for s i dewa ll infiltration rates. 
bRates based on septic tank effluent from a domestic waste source. 
A factor of safety may be desireab le for of wast es of sinificantly 
different character . 
cSoils with percolation rates les s than 1 min. f inch can be used if the 
soil is replaced with a suitab ly thick (more t han 2 ft.) layer of 
loamy sand or sandy clay . 
dSoils with expandable clays 
eThese soils may be easily damaged duri ng const ruction. 
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plants is dwindling, septic tank usage is expected to remain 
the only viable alternative. 
The politica l process governing the use of septic tanks 
must direct attention to the most effective method of 
disposing of this partially treated human waste. Drainfield 
trenches have been shown to be more effective at this task 
and should be required in every instance where their use is 
feasible . The p~esent practice of encouraging the use of 
absorption systems must be altered. All parties involved in 
this process should become convinced of the need to prevent 
widespread ground water contamination by using an inferior 
absorption system--the absorption bed. 
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